Introduction: Ischaemic heart disease is the main cause of death in developed countries. There are many modifiable risk factors associated with coronary heart disease (CAD). A growing number of studies point to vitamin D deficiency as a risk factor for heart attacks and the conditions associated with cardiovascular disease. This study aimed to analyse the relationship between the level of 25-hydroxyvitamin D (25(OH)D) and the severity of coronary artery atherosclerosis and to study 25(OH)D levels in non-diabetic patients hospitalised due to acute coronary syndrome and those diagnosed with stable CAD. Material and methods: Coronary angiography was performed prospectively in 410 successive cardiac patients. The severity of coronary artery atherosclerosis was assessed according to the Coronary Artery Surgery Study Score (CASSS). The plasma 25(OH)D level was assessed with the electrochemiluminescence method. Results: The 25(OH)D level proved to be one of the significant determinants of the CASSS (p < 0.05). In subjects without significant lesions in the coronary arteries the 25(OH)D level was significantly higher compared to patients with one-to three-vessel coronary atherosclerosis (p < 0.05). A significantly higher 25(OH)D level was noted in patients diagnosed with stable CAD compared to patients hospitalised due to acute coronary syndrome (p < 0.01). Conclusions: Patients with one-to three-vessel atherosclerosis have a significantly lower 25(OH)D level compared to patients without significant lesions in the coronary arteries. A lower 25(OH)D level was observed in patients hospitalised due to acute coronary syndrome compared to patients diagnosed with stable CAD.
Introduction
Despite significant advances in the field of prophylaxis and treatment of cardiac disorders, ischaemic heart disease is still the main cause of death in developed countries [1] [2] [3] . Consequently, much attention is placed on the discovery of new, potentially modifiable cardiovascular risk factors. Vitamin D deficiency is postulated to be one such factor, and it may be associated with an increased risk of circulatory diseases [1] [2] [3] . The studies regarding a correlation between vitamin D and the circulatory system started when a receptor for vitamin D was discovered on the cells of the cardiovascular system and when these cells were shown to synthesise an active metabolite of vitamin D (1,25-dihydroxyvitamin D) in an autocrine manner [4] . Vitamin D, made in the skin from exposure to sunlight or obtained from the diet, is biologically inert and requires its hydroxylation in the liver to 25-hydroxyvitamin D [25(OH)D] [5] [6] [7] [8] . The level of 25(OH)D is measured in clinical settings to assess the adequacy of vitamin D stores [5] . However, 25(OH)D is not biologically active and requires further hydroxylation in the kidneys to the to the biologically active form, 1,25-dihydroxyvitamin D [1,25(OH)2D], which stimulates intestinal calcium absorption [5] [6] [7] 9] . Lack of vitamin D causes that only about 10-15% of dietary calcium is absorbed [6] . A low vitamin D level -in comparison to the reference range -can be observed in almost 50% of the global population [1] [2] [3] . Additionally, it has been demonstrated that an insufficient vitamin D level may affect the cardiovascular system via a classic mechanism, namely by promoting changes in the calcium-phosphate metabolism, or via effects on the renin-angiotensin-aldosterone system [10] . Moreover, vitamin D affects numerous cells involved in atherogenesis, such as immune cells, endothelial cells, smooth muscle cells and cardiomyocytes [11] [12] [13] [14] [15] [16] . The effects of vitamin D insufficiency were observed at all stages of atherosclerotic plaque formation, destabilisation and rupture [17] . Vitamin D also affects blood extravasation at ruptured atherosclerotic plaque, which is a key element of acute coronary syndrome [17] . Additionally, data from the third National Health and Nutrition Examination Survey (NHANES III) concerning adults from the United States indicated that patients with a low level of 25(OH)D (less than 21 ng/ml) have an increased risk of hypertension, diabetes, obesity, and high triglyceride levels [18, 19] . The association between low level of vitamin D and mentioned cardiovascular risk factors has been confirmed in other studies [20] [21] [22] [23] .
However, recently we found that in a sizable heterogeneous Polish population of cardiac patients including those with e.g. hypertension, diabetes, and/or hyperlipidaemia there is no significant correlation between the level of the 25(OH)D and the stage of coronary atherosclerosis [24] . Subgroup analysis of these data showed that such a relationship may be observed in women. Moreover, men aged 70-80 years with two-or three-vessel coronary atherosclerosis presented significantly lower values of 25(OH)D than agematched patients without coronary artery lesions [24] . Additional analysis revealed that the association of 25(OH)D and the stage of coronary atherosclerosis may depend on the diabetic status (data not shown).
Therefore, the main aim of this study was to assess the correlation between 25(OH)D level and the severity of coronary artery atherosclerosis in non-diabetic patients. Moreover, we decided to compare vitamin D levels in patients hospitalised due to acute coronary syndrome and patients diagnosed with stable coronary disease.
Material and methods

Population
This study is part of a large project focused on the relationship between level of vitamin D and severity of coronary artery atherosclerosis. The previous analysis concerned 637 patients examined using coronary angiography who we included in the first overall analysis. Detailed characteristics of the study sample are presented elsewhere [24] .
Additional analysis aimed at finding determinants of the degree of coronary atherosclerosis showed that one of the independent significant determinant was diabetic status (two groups of patients: without diabetes and with type 2 diabetes). The results obtained for non-diabetic patients assessing the effect of vitamin D on the condition of the coronary arteries and heart attack episodes are presented in this manuscript. In addition to diabetes, other exclusion criteria were: chronic kidney disease (stage III-V), diagnosed cancer, elevated inflammatory markers or fever, medication or supplementation containing vitamin D or calcium. All the enrolled patients were Polish citizens, so it may be presumed that in terms of eating habits and the length of exposure to sunlight they constitute a relatively homogeneous group. The previous analysis was performed in patients who were all treated with statins [24] . Since that time we have continuously examined new patients. In this study most of the patients (99.5%) were treated with statins (atorvastatin or rosuvastatin) and only 0.5% (2 patients) percent have not received this kind of medication.
Methods
Coronary angiography was performed in all patients using standard diagnostic catheters through radial or femoral artery access. The degree of coronary atherosclerosis was assessed using the Coronary Artery Surgery Study Score (CASSS) [25] . Stenosis larger than 70% in any of the large epicardial coronary arteries (anterior descending branch -LAD, circumflex branch -LCX, right coronary artery -RCA) was scored as 1 point. Stenosis ≥ 50% of the left main coronary artery was scored as 2 points and was considered 2-vessel disease. CASSS is calculated as the sum of all scored points. The score may illustrate 1-, 2-or 3-vessel coronary artery disease [25] .
The concentration of 25(OH)D (the major storage form of vitamin D in the body) was measured using "Vitamin D Total" assay (ELECSYS Roche Diagnostics). This competitive electrochemiluminescence method evaluates the levels of both 25(OH)D 2 and 25(OH)D 3 . The sensitivity of this assay was 4.01 ng/ml and the coefficient of variation (CV) was 18.5%. A recent study showed that the within-run CV of the Elecsys Vitamin D Total assay was ≤ 7%, the within-laboratory CV was < 9.5%, the between-laboratory precision CV was ≤ 10.1%, and functional sensitivity was below 9.8 nmol/l [26] . A more detailed assay to determine the level of 25(OH)D -liquid chromatography tandem mass spectrometry (LC-MS/MS), currently considered as the gold standard for 25(OH)D [27] -allows for independent determination of 25(OH)D 3 and 25(OH)D 2 . However, it is expensive and therefore has limited widespread clinical use [28] . It was concluded that the use of less expensive methods to determine the level of both total metabolites of vitamin D is warranted because the biological effects of both metabolites of vitamin D are similar. There exist studies suggesting that Elecsys Vitamin D Total Assay is comparable to LC-MS/MS and appropriate for clinical use [29] [30] [31] .
Levels of 25(OH)D exceeding 30 ng/ml are considered optimal, 20-30 ng/ml -mild deficiency, 10-20 ng/ml -moderate deficiency, and a level below 10 ng/ml -severe deficiency [19] .
Hyperlipidaemia was defined when the total cholesterol (TC) was above 200 mg/dl and/or triglyceride values (TG) were above 150 mg/dl. The levels of TC and TG were measured using the enzymatic method.
Written informed consent was obtained from all the patients participating in the study. The research was approved by the University Bioethical Committee and followed the rules and principles of the Helsinki Declaration. 
Statistical analysis
Results
Participants' characteristics
The results of the selected group of 410 patients (266 men and 144 women) with mean age 65.4 ±10.8 years were analysed. Acute coronary syndrome was a cause of hospitalization in 33.3% of the patients. History of heart attack was reported in 23.6% of the patients. Insignificant changes in the coronary arteries (CASSS 0) were found in 27.6% of the patients. Single-vessel disease (CASSS 1) was discovered in 29.3% of the patients, two-vessel (CASSS 2) in 28%, and triple-vessel (CASSS 3) in 15.1%. The median 25(OH)D concentration in the whole group was 15.0 ng/ ml (4.0-48.4 ng/ml). In 308 patients 25(OH)D concentration was below 20 ng/ml, while 102 patients had the level of vitamin D above 20 ng/ml. The optimal level of 25(OH)D, i.e. above 30 ng/ml, was observed in 5.4% of the subjects, whereas severe deficiency (25(OH)D < 10 ng/ml) was observed in 21.2% of the patients. Active smoking was reported by 26.3% of the patients. Also 18.1% of patients stated that they were ex-smokers. Hyperlipidaemia was observed in 48.7% of the patients.
Association of vitamin D level with CASSS
Detailed results for patients in four subgroups according to CASSS are presented in Table I . There were no significant differences in age or 25(OH)D level between CASSS subgroups. There was no significant variation in the prevalence of patients in different stages of coronary atherosclerosis among four groups according to the level of vitamin D. The results showed significant variation in the prevalence of patients divided according to sex, smoking habits and CAD status among CASSS subgroups.
It can be seen that patients with CASSS 0 presented the highest value of 25(OH)D, nominally higher than patients with CASSS 1-3 (Table I) . This was the reason to divide all patients into two groups: CASSS 0 and CASSS 1-3 (Table II) . A statistically significant difference in the level of 25(OH)D between patients without significant coronary lesions (CASSS 0) and those with coronary atherosclerosis (CASSS 1-3) was observed (Figure 1 ).
More females than males were in the CASSS 0 subgroup and, conversely, more males than females were in CASSS 1 to 3 subgroups. In all CASSS subgroups (0 to 3) the majority of patients were non-smokers and had stable CAD. There was no significant difference in the prevalence of hyperlipidaemia between two subgroups (CASSS 0 and CASSS 1-3). In the regression analysis, 25(OH)D level, age, sex, smoking and CAD status proved to be a significant determinants of CASSS (Table III) . 
Association of vitamin D level with clinical presentation
Patients with stable CAD presented significantly higher values of 25(OH)D than patients with ACS (Table IV, Figure 2 ). There was significant variation in the prevalence of patients in subgroups of CASSS and patients divided according to smoking habits among two groups of CAD status. In the logistic regression analysis, from the determinants age, sex, smoking habits, hyperlipidaemia and 25(OH)D level, the latter was a significant determinant of CAD status (Table V) .
Association of different factors with vitamin D levels
From four determinants (age, sex, smoking habits and hyperlipidaemia) only hyperlipidaemia 
Discussion
There has been growing evidence that vitamin D deficiency increases the risk of cardiovascular diseases. On the other hand, the optimal concentration of 25(OH)D exerts a protective action [32] [33] [34] . The results of many studies indicate that vitamin D deficiency is commonly observed worldwide [35, 36] . Based on a review of the literature, namely 195 studies from 44 countries published in 1990-2011, a map of vitamin D supply in the human population worldwide was created and it demonstrated a significantly higher vitamin D level in North America compared to Europe or the Middle East/Africa region [35] . The authors of this work also highlighted that other previous reviews reported differences in vitamin D level between the European countries (a so-called north-south gradient) and higher levels in the Scandinavian countries compared to southern Europe [35] .
In one of our studies performed in a group of more than 600 cardiac patients the optimal vitamin D level was observed only in 5% of patients. The mean value of the vitamin D level in the overall population was 15.9 ng/ml [24] , and the median level of the 25(OH)D in non-diabetic patients was 15.0 ng/ml. These values are lower than in epidemiological studies that included large numbers of patients, performed e.g. in the United States [18, [37] [38] [39] [40] . In the NHANES cohort study only 5% of participants had values below the cutoff of 11 ng/ml [37] . In the Atherosclerosis Risk in Communities (ARIC) overall study population the median 25(OH)D concentration was 23.9 ng/ml [39] . It should be mentioned that in the ARIC study, in a selected group of participants the value of 25(OH)D concentration below 17.2 ng/ml was associated with higher stroke risk [39] and increased risk of incident coronary heart disease [41] . Moreover, the results of the NHANES III study suggested an association of all-cause mortality with 25(OH)D levels below 17.8 ng/ml in the general population [42] . Nevertheless, the mean and median values from our studies are in line with results from epidemiological data on vitamin D [43] . Similar results were obtained by another Polish team [45] . The study conducted in more than 400 adults living only in the north of Poland demonstrated that in 84% of subjects the 25(OH)D level was below 20 ng/ml, and the optimal level was noted only in 3% of respondents [45] . We found previously in the overall study group, i.e. without restriction to only non-diabetic patients, that the mean 25(OH)D level was significantly lower in female than in male Polish cardiac patients [24] . Moreover, there existed some differences in the association between 25(OH)D and severity of coronary artery atherosclerosis related to the patients' sex and age. All female patients without significant lesions in the coronary arteries presented significantly higher 25(OH)D values than females with two-and three-vessel disease. On the other hand, only male cardiac patients aged between 70 and 80 years old with two-or three-vessel coronary atherosclerosis presented significantly lower values of 25(OH)D than age-matched male patients without coronary artery lesions. Such results were not found in younger participants [24] . The present study analysing the results of non-diabetic cardiac patients demonstrated that all participants (independently of sex) without significant lesions in the coronary arteries (CASSS 0) had a significantly higher 25(OH)D level compared to patients with coronary artery disease (CASSS 1-3) . The higher level of vitamin D in patients without significant lesions in the coronary arteries was not affected by participants' age. Firstly, the two groups, i.e., CASSS 0 and CASSS 1-3, did not differ significantly with respect to age. Secondly, age of the patients did not significantly affect the level of vitamin D in all patients. Nevertheless, the proportion of patients presenting with stable CAD compared to ACS decreased from 6.0 in CASSS 0 to 1.5 in CASSS 1-3. Independently, patients with stable CAD presented significantly higher 25(OH)D values than patients with ACS. Perhaps the higher level of vitamin D in patients with CASSS 0 plays an important role in the stabilization of the existing atherosclerotic plaques. As previously demonstrated, complications of coronary artery disease in the form of myocardial infarction (MI) beyond the significance of coronary artery stenosis also affects the presence of so-called high-risk plaques [46] .
The main factors involved in destabilization of the atherosclerotic plaque include a thin layer of connective tissue, large lipid core, activity of inflammatory cells and increased neovascularisation [47] . Calcitriol might prevent destabilization, due to its anti-inflammatory properties and the ability to inhibit transformation of macrophages into foam cells [48] and to suppress the activity of metalloproteinases [49, 50] . It also negatively influences angiogenesis by inhibition of vascular endothelial growth factor (VEGF) and induction of apoptosis in epithelial cells [51] . Unstable atherosclerotic plaque is more susceptible to disruption. After the rupture, the lipid contents of the plaque are released and the blood coagulation process is initiated [47] . Calcitriol possesses anticoagulant activity, which is exerted through down-regulation of the tissue factor, increased production of thrombomodulin [52] and inhibition of platelet adhesion to endothelium [53] .
The results of studies by other authors show a correlation between low 25(OH)D level and severity of coronary artery atherosclerosis. Shor et al. performed a study in a group of 101 successive Israeli patients undergoing elective coronary arteriography. They demonstrated a correlation between low 25(OH)D level and advanced coronary artery disease even after adjustment for such variables as sex, age, body mass index, ethnicity and active tobacco smoking [54] . Based on the study performed in a group with a similar number of patients in India, Syal et al. demonstrated significantly higher incidence of two-and three-vessel disease in patients with vitamin D deficiency compared to patients with a normal 25(OH)D level (53% vs. 38%). Moreover, the authors demonstrated a significantly higher incidence of diffused coronary artery disease (56% vs. 34%), and a higher number of atherosclerotic lesions in coronary arteries compared with patients with a higher 25(OH)D level [55] . Recently (2015), Verdoia et al. demonstrated a significant correlation between low vitamin D level and the incidence and severity of atherosclerotic lesions [56] . Based on a study conducted in a group of more than 1500 subjects a higher incidence of atherosclerosis in the right and left coronary artery (p = 0.03) was demonstrated in patients with vitamin D deficiency compared to subjects with a normal level of this vitamin [56] . However, the results of these studies cannot be directly compared to the outcomes obtained in a group of Polish patients as the place of residence of participants varied and therefore the effects of sunlight on the dermal synthesis of vitamin D were different. Moreover, nutritional behaviour was also different. It has to be emphasised that our results regard only Polish cardiac patients. Moreover, contrary to other studies, the examined group included only non-diabetic patients and, as it is known, type 2 diabetes largely modifies the course of coronary artery disease. Analysing the results of our study and the results of other studies documenting the effects of vitamin D on individual stages of atherogenesis, it can be suggested that vitamin D deficiency should be considered a coronary artery disease risk factor.
Apart from the effects on arterial atherosclerosis, it was demonstrated that vitamin D deficiency was associated with an increased risk of unfavourable cardiovascular incidents, including acute coronary syndrome. In our study we observed a significantly lower 25(OH)D level in patients hospitalised due to MI, despite the fact that, contrary to other studies, our study included only non-diabetic patients. Based on the studies published so far, it is known that in the group of diabetic patients the total mortality rate is doubled and the cardiovascular mortality rate is tripled compared to non-diabetic patients [57] . In relation to the above, we decided to study the effects of vitamin D on the risk of MI in diabetic patients in a separate study.
Our results indicating an association between low vitamin D levels and incidents of MI are confirmed by other studies performed so far. The large Framingham Offspring Study performed in a group of subjects without a history of circulatory diseases demonstrated that the risk of unfavourable cardiovascular incidents, including inter alia MI, was more than 1.5 times higher in patients with 25(OH)D levels below 15 ng/ml compared to study subjects with the levels of this vitamin above 15 ng/ml [58] . In a prospective study conducted in patients hospitalised due to ST-segment elevation MI Khalili et al. observed the 25(OH)D level below 14 ng/ml in 73% of patients. Additionally, they observed a statistically significant inverse correlation between 25(OH)D level and plasma level of metalloproteinase-9 and a higher mortality rate in patients with a lower vitamin D level [59] . The study assessing the effects of vitamin D level on major adverse cardiac events (MACE) defined as death, hospitalisation due to heart failure and/or MI provided interesting findings [60] . It was concluded that the 25(OH)D level was an independent risk factor for MACE (p = 0.001), especially non-fatal MACE. Moreover, the 25(OH)D level above 7.3 ng/ ml reduced the risk of non-fatal MACE by 40% in patients with acute coronary syndrome [60] . Despite the large body of data confirming our results and the hypothesis that there is a correlation between low vitamin D level and an increased risk of unfavourable cardiovascular incidents, there are also studies that do not confirm this relation. No statistically significant correlation between vitamin D level and the risk of cardiovascular death was observed in the study of the Finnish population [61] .
Summing up, the results of our paper and of the majority of other publications indicate that the vitamin D level is, to some degree, associated with the severity of coronary artery disease. Undoubtedly, it is necessary to perform further well-designed studies in a larger group of Polish patients in order to confirm the role of vitamin D in the primary and secondary prevention of ischaemic heart disease.
There are several limitations to our study that have to be considered. The experiment was performed among specific group of participants. Our study group included only patients from central Poland, mainly living in urban areas. The majority of patients were treated with statins. The study did not account for the drug dose or the duration of the treatment, and treatment with statins is well known to affect the vitamin D level [62, 63] . Hence, the inferences cannot be extended to different populations. The study was observational and cross-sectional. Thus, it cannot prove causation, but only demonstrate statistical associations.
In conclusion, vitamin D deficiency was found in nearly 95% of Polish cardiac patients without diabetes undergoing coronary angiography. We demonstrated that in patients without significant lesions in the coronary arteries the 25(OH)D level was significantly higher compared to patients with advanced coronary artery disease. Moreover, a significantly lower 25(OH)D level was observed in patients hospitalised due to acute coronary syndrome compared to patients diagnosed with stable coronary disease.
Although the recommendations of scientific societies do not include vitamin D supplementation as a method of prevention and inhibition of progression of coronary artery disease, further studies are required to assess the potential beneficial effects of such treatment in patients with such diseases.
